Purpose: To determine if saline tract injection and rapid patient rollover following computed tomography (CT)eguided transthoracic needle biopsy (TTNB) affects pneumothorax incidence and size. Methods: A retrospective cohort design was used to compare 278 patients who underwent post-biopsy saline injection and rapid rollover so that the biopsy site was dependent (N ¼ 180) to a control group with routine post-biopsy care (N ¼ 98). Post-procedure radiographs and CT were assessed for presence and size of pneumothorax, as well as requirement for chest tube placement. Results: Pneumothorax size as estimated on post-procedure CT was 3.33% in the treatment group and 6.63% in the control group (P < .05). There was also a reduction in chest tube placements in the treatment group (3.9% vs 10%, P < .05). On post-procedure radiographs, pneumothorax rates were 20% in the treatment group, and 25% in the control group (P > .05). Conclusion: Saline injection with rapid patient rollover following TTNB significantly decreased pneumothorax size and chest tube placement but not incidence.
Computed tomography (CT)eguided trans-thoracic needle biopsy (TTNB) is a minimally invasive technique used to obtain tissue samples for diagnosis of indeterminate intrathoracic lesions. The most common complication of TTNB is pneumothorax, reported in 9%e54% of cases, with an average incidence of 20%. Approximately 2%e15% of these patients are reported to require chest tube placement, thereby increasing patient morbidity and cost [1e4] .
Many post-biopsy techniques have been proposed for decreasing the risk of post-procedure pneumothorax, broadly divided into 2 approaches: positional precautions and injection of a sealant into the biopsy tract.
Positional precautions typically involve rolling the patient so that the site of puncture is dependent during or after the procedure, allowing gravity to seal the tract and preventing an air leak. Studies on the effectiveness of this technique have been mixed [3e13], but given the ease of implementation and minimal risk, a review by Neyaz and Mohindra recommended patient rollover as part of routine post-procedure care [9] .
Injection of sealants into the biopsy tract has been studied using various materials including normal saline, autologous blood, gelfoam, gelatin, fibrin, and other proprietary devices [14e20]. These materials have demonstrated varying degrees of effectiveness with minimal additional risk to patients, but also have varying costs, availability, and technical requirements. At our institution, we chose to use normal saline to seal the biopsy tract because it is inexpensive, readily available, requires minimal additional preparation time, and has no known adverse reactions.
To our knowledge, positional precautions and sealing of the biopsy tract have never been studied in combination. The aim of this study was to determine whether the use of both of these simple techniques affected post-biopsy pneumothorax and chest tube rates in a retrospective case-control review.
Materials and Methods

Patients
All patients who underwent a TTNB of a lung lesion from 2009 to 2015 under CT guidance at St Joseph's Health Care (London, ON) were included in this analysis. The saline injection and rollover technique was implemented March 5, 2012; patients who underwent the procedure before this date were included in the control group (N ¼ 98), whereas patients after this date were included in the treatment group (N ¼ 180).
One patient was excluded from analysis, as there was an ipsilateral pneumothorax present prior to the biopsy. Also, we were made aware of 2 patients who developed pneumothorax the day after biopsy. These patients were not included in the pneumothorax group, as their routine imaging was normal and next-day follow-up was not obtained routinely in all subjects.
There were no differences in age and sex distributions between the 2 groups ( Table 1 ). The biopsy technique was also consistent between the 2 groups.
Biopsy Procedure
All procedures were performed by 1 of 3 experienced interventional radiologists at our institution. The same radiologists were involved in both treatment groups, using similar techniques and equipment. The radiologist selected the optimal patient position based on lesion location in order to minimize tract length while avoiding crossing pleural fissures, large vessels, and obstructions such as ribs or the scapula. The patients were placed in prone, supine, or lateral decubitus positions.
The lesions were localized using a GE 750 Discovery HD CT scanner (Chicago, IL) with laser lighting and skin markers. Using sterile technique, the skin and soft tissues were infiltrated with 2e12 mL of 1% lidocaine at the site of puncture to the level of the pleura. A standard coaxial technique was used with a 19-gauge guiding needle, which was brought down on the superficial surface of lesion under CT guidance. The stylet was then removed, and the biopsy performed with a 20-G Tru-Cut core biopsy needle. Three to 8 core biopsy samples were obtained.
In the treatment group, the biopsy tract in the lung was gently injected with 3e5 mL of sterile 0.9% saline while withdrawing the coaxial sheath. After quickly applying a dressing, the patient was then immediately rolled onto the biopsy wound. The patient was instructed to remain in this position for 2 hours with no talking, laughing, straining, and as little coughing as possible.
In the control group, the coaxial sheath was removed swiftly, and a bandage was applied over the skin puncture site. The patients were placed on bedrest with similar activity restrictions as above.
After the procedure, all patients were sent to the recovery room and observed for 3 hours. A chest radiograph was also obtained 2 hours post-procedure.
If a patient had a documented pneumothorax that was symptomatic, a chest tube was placed using the standard technique. The patient was then referred to Respirology for further management and follow-up.
Chart Review and Analysis
All cases were retrospectively reviewed by 2 experienced interventional radiologists for the presence and size of pneumothorax on post-biopsy CT and radiograph using consensus method. The radiologists were provided with a list of accession numbers to the cases so that the date of the procedure was not visible. In cases where a pneumothorax was detected, the radiologists then estimated the size using approximate percentage of the chest cavity. If there was a discrepancy in percent size between the 2 reviewers, a mean of the 2 estimates was used for analysis.
The data on pneumothorax incidence was analysed using Fisher's exact test for statistical significance using 2-tailed probability. The data on pneumothorax size was analysed using independent-sample t test with 2-tailed probability (IBM SPSS Statistics, version 22.0; Armonk, NY). Results were deemed significant at P < .05.
Results
A total of 278 biopsies were included in the analysis. Ninety-eight were performed using routine post-procedure care, and 180 were performed with post-biopsy saline injection and rolling the patient so the punctured site was dependent. The 2 groups did not otherwise differ with regard to biopsy technique, mean age, and sex distribution ( Table 1) . While pulmonary function tests were not available to verify similar severity of emphysema in both groups, the measured CT attenuation of the biopsy tract did not significantly differ between the 2 groups (mean -716 HU in the control group, and -733 HU in the treatment group, P ¼ .358).
Pneumothorax size as estimated on post-procedure CT was 3.33% in the treatment group, and 6.63% in the control group (t ¼ 2.24, P ¼ .027), which was significant at P < .05.
The rate of chest tube placement was significantly lower, with 7/180 patients in the treatment group, vs 10/98 in the control group requiring chest tubes (3.9% vs 10%, P ¼ .036).
On post-procedure radiographs, there were 36 pneumothoraces in the treatment group (20%), and 25 in the control group (25%), P ¼ .2295.
On post-procedure CT, there were 57 pneumothoraces in the treatment group (32%), and 32 in the control group (32%), P ¼ .7888.
A summary of the results is provided in Table 2 .
Discussion
Percutaneous CT-guided lung biopsy is a minimally invasive and effective procedure to diagnose lung lesions. Pneumothorax is the most common complication of the procedure, which, if symptomatic, can significantly increase morbidity and cost. Numerous strategies have been studied to minimize or prevent development of pneumothorax, including patient factors, biopsy technique, and post-biopsy care.
Post-biopsy interventions are broadly subdivided into positional precautions (usually by placing the patient puncture-side down), or injection of materials into the biopsy tract during needle withdrawal. These methods theoretically provide a seal of the biopsy tract either via gravity or sealant materials in order to prevent pleural air leak.
The current study examined a combination of the 2 methods, specifically, the effect of placing the patient biopsyside down as well as normal saline injection on the rate of post-biopsy pneumothorax. We chose normal saline as a sealant material as it is readily available, with minimal additional preparation, and an excellent safety profile without the potential risks inherent to other embolization materials (non-target embolization, allergic reaction, etc) [18] .
We found a 50% reduction in pneumothorax size in the saline-plus-rollover group as compared to the routine postbiopsy care group (3.3% vs 6.6%, respectively, P < .05). There was also a corresponding reduction in chest tube placements in the treatment group (3.9% vs 10%, P < .05).
Pneumothorax rates on CT (32% in both groups) and radiography (20% vs 25%) were not different between groups and consistent with rates of post-biopsy pneumothorax reported in the literature (9%e54%) [1] .
Previous studies of normal saline injection into the lung biopsy tract, such as Li et al, demonstrated both a decreased incidence of pneumothorax on CT (6.2% vs 26.1%), as well as decreased rates of chest tube placement (0.6% vs 5.6%) in the saline-injected patients [14] . Billich et al also reported decreased pneumothorax size and incidence in the saline treatment group (8% vs 34%) [18] . These studies did not utilize positional precautions.
Studies examining other tract sealants such as autologous blood patch, gelfoam, and other bioabsorbable embolization materials also demonstrated beneficial effects on pneumothorax rates [16, 17, 19, 20] . Of note, a study using gelatin slurry for tract embolization showed no effect on incidence of pneumothorax but had decreased chest tube placements in the treatment group, which was similar to our study [15] .
The data on patient positioning has been more mixed. Studies by Collings et al [6] and Moore et al [8] demonstrated no significant decrease in the incidence of pneumothorax in the biopsied-side-down patient group. However, a study by Masterson et al demonstrated an almost 50% decrease in pneumothorax rates with dependent patient positioning post-biopsy (14% vs 33%), but included less than 100 patients, and the results did not reach statistical significance [13] . Studies by Moore et al [8] and Kim et al [11] showed no difference in pneumothorax incidence but decreased chest tube placement following patient rollover (1.6% vs 4.2%, and 1.6%, respectively). This is concordant with our findings of no significant difference in pneumothorax incidence but decreased rates of chest tube placement. O'Neill et al attempted to explain the incongruence in the positional precautions data by measuring the rapidity of patient rollover [10, 21] . They reported that if the rollover was performed within 10 seconds of needle withdrawal, a significant decrease in pneumothorax rates (23% vs 37%) and chest tube placements (4% vs 13%) was observed. The authors concluded that the variability in patient positioning protocols between studies was likely the major factor influencing differences in reported outcomes.
Further supporting the theory of rapid time to rollover for decreasing pneumothorax incidence, a study by Kinoshita et al utilized a specially constructed CT table allowing for the entire biopsy procedure to be performed in a puncturedependent position [5] . The authors effectively used gravity throughout the entire procedure to prevent a pleural air leak and demonstrated significant decreases in pneumothorax rates in the treatment group (12.9% vs 41.6%).
A review by Neyaz and Mohindra suggested that given the potential benefits and overall lack of drawbacks, a gentle rollover to puncture-side-down position on the CT table should be performed for all patients following lung biopsy [9] .
The limitations of the current study include the retrospective design, which may have introduced a source of bias. Additionally, while the team was instructed to perform a rapid patient rollover within 10 seconds of needle withdrawal, the actual time to rollover was not recorded and may have introduced some variability in the data.
With regards to emphysema within our treatment and control groups, there was no significant difference in mean CT attenuation within the lung biopsy tract, suggesting a similar severity of emphysema at the biopsy site. Unfortunately, the pulmonary function tests for our patient population were not available. Inclusion of this information in future studies could clarify whether people with underlying chronic obstructive pulmonary disease have the same response to post-biopsy intervention as those without chronic obstructive pulmonary disease.
We also limited our assessment to early post-procedure pneumothorax occurring within 2 hours, and did not include analysis of delayed complications. Further research is needed to determine whether there are any effects of post-biopsy interventions on development of delayed pneumothorax.
Ultimately, the size of a pneumothorax is more predictive of patient morbidity rather than the incidence, as most pneumothoraces documented on imaging are trivial and resolve spontaneously [1] . Our study showed a statistically significant decrease in pneumothorax size in the treatment group, as well as a corresponding decrease in rates of chest tube placement. Given that both saline injection and dependent patient positioning are cost-effective, simple, and safe, we believe they are advisable interventions to decrease pneumothorax size following percutaneous CT-guided lung biopsy.
